Objective: To evaluate cocaine as a risk factor for Cerebrovascular Diseases (CVD).
Introduction diagnostic criteria of the National Institute of Neurological Disorders and Stroke [10] .
All CVD patients who had a UDS at admission were included in the study. Patients who did not receive UDS were excluded. They were divided into two groups: CP and CN according to the UDS results regardless of which route or species of the cocaine was consumed. The two groups of subjects were further divided into subgroups by the diagnostic codes, gender, race, and age such as (younger or older than 50 years). All patients had a chest radiograph. They were divided into two subgroups based on either presence or absence of cardiomegaly as evaluated by the chest radiograph. Patients with cardiomegaly may suggest presence of a cardiac decompensation from a long-standing period of hypertension or cardiopulmonary complications. Brain image studies including computerized tomography (CT), CT angiogram (CTA), magnetic resonance imaging (MRI), MR angiogram (MRA) or conventional angiogram were employed to evaluate whether there was a presence of infract, ICH, SAH or intracranial vascular malformations, including aneurysm and arteriovenous malformation, which have been recognized as the common causes of spontaneous SAH.
The data of those groups and subgroups (such as CVD types, age, gender, and race) were analyzed using two-tailed Chi-square tests. A p value less than 0.05 was considered statistically significant.
Results
A total number of 1,473 charts of stroke patients were initially reviewed. Among them 562 CVD subjects who had a UDS test were included (Table 1) . They were grouped into SAH (96 or 17.1%), ICH (176 or 31.3%) and infarct (290 or 51.6%) and then further sub-grouped into SAH-CP (UDSpositive: 15 or 15.6%; male/female = 7/8; age = 46.4 ± 9.4 years, mean ± SD) and SAH-CN (UDS-negative: 81 or 84.3%; M/F = 48/33; age = 45.1 ± 14.2); ICH-CP (26 or 14.8%; M/F = 8/18; age = 48.5 ± 7.4) and ICH-CN (150 or 85.2%; M/F = 58/92; age = 54.7 ± 14.5); and infarcts-CP (30 or 10.3%; M/F = 12/18; age = 45.3 ± 6.5) and infarcts-CN (260 or 89.7%; M/F = 110/150; age = 53.4 ± 15.5).
Subsequently, whether cocaine consumption plays a discrete role on subjects of younger or older than 50 years in for CVD until much later [1] .The risk of cocaine for stroke has generally been underestimated, preventing it from receiving much needed attention. Currently, strokes have become more prevalent in younger people. The first report of cocaineassociated stroke was in 1977 describing a male case using intramuscular injection followed one hour later by aphasia and right sided hemiparesis [1] . Subsequently, abundant evidence supports the relationship between substance abuse and stroke. Cocaine is one of the most commonly abused drugs in the USA and has been recognized as an independent risk factor for CVD [2] [3] [4] . The probability of stroke increases significantly in drug users to 4-14 times greater than that in non-drug users [5] . Approximately 5% to 8.5% of strokes occur in young adults [6] and approximately 5% of young people die of stroke. The average cost associated with hospital stays was $34,886 for ischemic CVD, $146,307 for SAH, and $94,482 for ICH [7] .
Cocaine causes serious medical complications among drug abusers [8] , which can become a devastating medical problem. Cocaine has been recognized as a significant risk factor for ICH and ischemic stroke (infarct) [9] in general populations. However, there is discrepancy in studies on cocaine related to CVD in gender, age, and race. This study was to evaluate the possible causal relationship between cocaine consumption and the onset of different types of CVD in subpopulations of age, gender, ethnicity and comorbidities.
Methods
This retrospective study was conducted in the entire adult CVD-patient population, aged at 18 years and above, admitted to University of Mississippi Medical Center (UMC) between January 1, 2003 to December 31, 2005 to evaluate whether there are increased risks for CVD in cocaine use. The UMC is located in Jackson, the capital city of Mississippi, and is the only state hospital in Mississippi. Charts were initially reviewed and CVD cases were collected by the discharge diagnostic codes (International Classification of Diseases, 9th revision, ICD-9 codes 430 to 437).
Ischemic stroke includes occlusion and stenosis of precerebral arteries (ICD-9:433), occlusion of cerebral artery with infarction (ICD-9:434.91), transient cerebral ischemia (ICD-9:435), acute but ill-defined CVD (ICD-9:436), and other and ill-defined CVD (ICD-9:437). Hemorrhagic stroke included subarachnoid hemorrhage (SAH, ICD-9:430), intracerebral hemorrhage (ICH, ICD-9:431), and unspecified intracranial hemorrhage (NS-ICH, ICD-9:432). ICH included intraparenchymal hemorrhage such as in the cerebral hemisphere, cortex, basal ganglion, thalamus, brainstem, and cerebellum. Subdural hemorrhage and non-traumatic extracranial hemorrhage are listed in the non-specific cranial hemorrhage group and were not included in this study. The term "hemorrhagic stroke" refers to the combination of ICH and SAH.
Among the above described diagnoses, the majority of patients fell into three categories: SAH, ICH, and Infarct. The diagnoses of infarct, SAH and ICH were made based on the facilitating development of CVD was evaluated. Significantly increased frequency of strokes was observed in the younger subjects than the older ones in the CP subgroups, such as ICH (p = 0.04) and infarct (p = 0.0001) but not SAH (p = 0.71) ( Table 2) , indicating cocaine may facilitate the occurrence of CVD more in younger than older individuals.
To evaluate if ethnicity plays a role regarding the onset of CVD, the frequency of CVD was compared in CP with CN in African-Americans (AA) and non-AA subgroups. Table 3 showed that AA were more prone to having ICH (p = 0.01) than infarct (p = 0.4). An increased trend in SAH was observed in AA but did not reach a statistically significant level (p = 0.08), which might be due to the small samples.
Gender seemed not to be an amenable factor in cocainerelated CVD when comparing CP and CN subgroups, such as SAH (p = 0.4), ICH (p = 0.4) and infarct (p = 0.8) (Table 4) . Additional analyses on cardiomegaly as a comorbidity failed to show a significant difference in the occurrence of hemorrhagic (p = 0.8) or ischemic strokes (p = 0.6) in our patients (Table 5) .
Discussion
In this retrospective clinical study, we observed and confirmed that cocaine exposure increases the occurrence of ICH and infarcts in patients younger than 50 years and, particularly, ICH in the African American ethnicity (Table  2-3) . However, cocaine exposure may have no significantly different effects on promoting CVD in genders and in subjects with or without cardiomegaly (Table 4-5).
Cocaine, the alkaloid benzoylmethylecgonine, is highly lipophilic and traverses the blood-brain barrier rapidly. Cocaine blocks monoamine reuptake, particularly those related to dopamine [11] , and induces changes in dopamine level mostly prominently in mesocorticolimbic neurons [12] . Augmentation of mesocorticolimbic dopamine function may be associated with cerebral ischemia since dopamine may control local blood flow by inducing vasospasm of smooth muscles lining the cerebral vessels [13] , particularly those of the middle cerebral artery [11, 13] .
The vasoconstriction effect of cocaine is due to its sympathomimetic action, inhibiting the reuptake of noradrenaline, serotonin and dopamine at pre-synaptic nerve terminals. Cocaine induced cerebral vasospasm is relatively specific to dopamine rich brain areas and dopamine pathways play a central role in controlling cerebral blood flow (CBF) [6] , and the effect is dose-dependent [6] . About 80% of the infarcts occur in the territory of the middle cerebral artery [11, 13] , typically in young adults without preexisting vascular malformations [14] . Deep cortical brain regions may be more susceptible to dopamine's vasospastic effects while norepinephrine may facilitate constriction of large cranial arteries [15] .
Chronic cocaine use increases platelet levels, enhances adenosine diphosphate platelet activation, and augments sporadic release of platelet-bound α granules, which may facilitate thrombus formation [16] . Laboratory studies show that cocaine causes an enhanced response of platelets to arachidonic acid, leading to increased thromboxane production and platelet aggregation and pathological changes in the cerebral vasculature [17] . Additionally, cocaine promotes platelet response to arachidonic acid, thereby stimulating thromboxane production and platelet aggregation [18] . Chronic cocaine use, causing fluctuations between vasospasm and reperfusion, may result in vessel damage [17] .
Cocaine's vasospastic effects can persist beyond its halflife [19] because its major metabolites (benzoylecgonine and norcocaine) are also potent vasoconstrictors [16] and bradykinin-mediated endothelium-dependent relaxation is impaired in chronic cocaine users [20] . Cocaine and its metabolites can be detected in the body for up to 3 days -or longer in the chronic cocaine users. Importantly brain perfusion deficits can occur in the absence of clinically detectable symptoms [21] and may persist in abstinent cocaine addicts for 6 months [22] or longer [23] . Interestingly, while cocaine abuse was associated with an increased risk, methylphetamine abuse was not associated with increased risk of ischemia [24] although both amphetamine and cocaine use have been reported to be associated with cerebral vasculitis [25] . Cocaine causes cardiac arrhythmias and cardiomyopathy [26] which could produce brain infarction due to cardiac embolism.
The use of cocaine is associated with both ischemic and hemorrhagic CVD, with the incidence of hemorrhagic prevailing over ischemic [3] . Rapid reperfusion of the previously ischemic areas may conversely result in hemorrhage [27] . Crack cocaine seems to be associated with both ischemic and hemorrhagic CVD, whereas cocaine hydrochloride causes mainly ICH and SAH [28] . A high risk of stroke occurs shortly after use of cocaine as the onset of stroke symptoms was usually found immediately or within 3 hours after cocaine use [1, 11] . Cocaine-induced hemodynamic changes may be related to ICH [29] , particularly in active cocaine users [30] , with higher risk of aneurysm rupture causing subarachnoid hemorrhage [30] , worse functional outcomes and higher mortality when compared to non-cocaine-users [31] . Autopsy studies demonstrated a higher incidence of hypertensive cardiovascular disease in cocaine-induced hemorrhagic stroke [32] . Cocaine has been recognized as an independent risk factor for cerebral vasospasm after aneurysmal SAH.
Our study confirmed the previous claims that cocaine exposure facilitates the onset of hemorrhagic and ischemic strokes, particularly in individuals younger than 50 years, supporting the notion that cocaine is an independent risk factor for CVD [4] . In agreement with the previous study [30] , our findings also confirmed that cocaine exposure promotes more ICH, but not ischemic stroke, in AA when compared to non-AA, supporting the claim that the AA ethnicity has a higher incidence of illicit drug-related CVD [30] .
Our current findings failed to show a significant gender difference of CVD after cocaine exposure which suggested that cocaine may exert relatively equal effects on provoking CVD in men and in women although previous studies showed that cocaine exposure increases CVD more in men than in women [3] .
Treatment in chronic cocaine users improves CBF. A calcium antagonist dihydropyridine (isradipine) is a potent cerebral vasodilator, particularly in dopamine-innervated brain regions. Protective effects of isradipine have been documented on cerebral neuronal cells from ischemic [33] insults by counteracting cocaine-induced vasospasm [34] , improving CBF, reversing cerebral ischemia and preventing the consequent neuronal cell injury [33] in dopamine-rich brain areas such as the inferior parietal, putamen, and superior temporal lobe [34] , but no effect on striatal blood flow and glutamate levels [35] .
Modification of N-methyl-D-aspartate (NMDA) receptors and glutamate functions may be therapeutic targets for cocaine users. The non-competitive NMDA receptor antagonists, i.e. amantadine and memantine, the partial NMDA receptor agonist D-cycloserine, and the anticonvulsants topiramate and perampanel [36] may have therapeutic effects in cocaine dependence [36] . Kappa opiate receptor agonists may also modulate glutamate transmission and prevent ischemic damage [3] . For example, the kappa opiate antagonist buprenorphine decreases cocaine-induced perfusion abnormalities in chronic cocaine polydrug users [37] .
Prostaglandin synthesis is enhanced by cocaine. Aspirin blocks this process by irreversibly inhibiting the action of cyclo-oxygenase in platelets by which aspirin reduces cocaineinduced thrombogenesis. Clinical observation showed that aspirin (325 mg/day for 4 weeks) improved CBF in chronic cocaine users [38] but is unlikely to recover acute cerebral ischemia. Intravenous tissue plasminogen activator (tPA) in patients with cocaine-associated acute ischemic stroke showed comparable outcomes with those of tPA-treated non-cocaine patients with acute ischemic stroke [39] .
The potassium-sparing diuretic amiloride may potentially be useful in treating ischemia in cocaine addicts [38] . In vitro and in vivo studies showed antiplatelet aggregation actions of 5-HT 2 -receptor antagonists [40] , however, their use in cocaine addicts remains uncertain.
Although much effort has been applied in experimenting and treating the cocaine-induced CVD in laboratories, the above discussed agents have yet to be evaluated in humans and need clinical trials to validate their therapeutic actions.
Our study has limitations as it was a retrospective observational study with small numbers. Only the patients with CVDs after acute cocaine exposure were sampled where those with chronic cocaine use were not addressed. Additionally, the type of cocaine, timing and the route of cocaine exposure were not specified.
In summary, our pilot study confirmed that cocaine users are more susceptible, or predisposed, to suffer hemorrhagic stroke, particularly in the young population. Our findings also suggested that cocaine may play discrete roles in promoting CVD in patients depending on age, gender, ethnicity and comorbidities.
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